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When pollutants are growth substrates, major advantages accrue:
(1) the catalyst grows logarithmically with no external input of re-
sources; (2) the proper growth, activity, and distribution of the mi-
crobial population (which is very difficult to manage under other
circumstances) is an inherent outcome of natural selection for the
primary energy substrate; and (3) growth substrates are almost al-
ways completely oxidized to carbon dioxide, leaving no toxic inter-
mediates. Less than complete pollutant destruction by natural selec-
tion is usually due to limitation by some other resource, most commonly
the electron acceptor. Because of these advantages, chemicals that
are growth substrates have not and should not become widespread
pollution problems. This is because the limitations on natural selec-
tion disappear as the chemical becomes more widely distributed.
Examples of chemicals that are growth substrates are benzene, tolu-
ene, xylenes, naphthalene, chlorophenols, acetone, nitrilotriacetic acid,
and 2,4-D. Whenever a pollutant is a growth substrate, bioremediation
should be seriously considered. Even if the waste contains mixtures
of chemicals, some of which are growth substrates and others not,
bioremediation may still be advantageous because it can reduce other
remediation costs, such as the amount of activated carbon needed.

Cometabolism usually results from relaxed specificity of an en-
zyme. No sequential metabolic pathway or energy coupling to ad-
enosine triphosphate production typically occurs. Therefore, natural
selection cannot be achieved through this secondary (pollutant) sub-
strate. If cometabolism is to be used, it must be done by managing a
primary substrate that selects for growth of active organisms, in-
duces the activity, and/or provides a necessary oxidant or reductant
to drive the reaction. Sometimes the primary and secondary sub-
strates are competitive inhibitors, which may require more sophisti-
cated management, such as pulse feeding or precise concentration
control. Cometabolic processes typically accumulate intermediates,
some of which may be toxic.

Cometabolic reactions seem to be the only ones that show activ-
ity on many of the recalcitrant chlorinated solvents, such as perchlo-
roethylene (PCE), trichloroethylene (TCE), carbon tetrachloride, and
chloroform. Laboratory testing and field testing are beginning to
show that it may be possible to successfully manage a cometabolic
process in situ. Nonetheless, the experimentation, field testing, and
monitoring will all need to be more extensive than for pollutants that
are growth substrates.